High-resolution transmission electron microscopy (HRTEM) measurements of the thickness of white mica crystallites were made on three pelite samples that represented a prograde transition from diagenetic mudstone though anchizonal slate to epizonal slate. Crystallite thickness, measured normal to (001), increases as grade increases, whereas the XRD measured 10 ~ peakprofile, the Kubler index, decreases. The mode of the TEM-measured size population can be correlated with the effective crystallite size N(ool ) determined by XRD.
Introduction
Measurements of illite crystallinity or Kubler index (Kubler 1964 (Kubler , 1967 (Kubler , 1968 have been widely applied to the study of low and very low grade metamorphism of pelitic rocks: for reviews see Frey (1987) , Kisch (1983 Kisch ( , 1989a . The Kubler index is the width at half-height of the mica 10 ]~ (001/002) X-ray diffraction (XRD) peak made on oriented < 2 gm fractions. Because of its relative simplicity, the technique has been applied to regional surveys of metapelitic grade (eg Arkai 1977;  ./~r-Offprint requests to: R.J. Merriman kai etal. 1981; Kisch 1980; Roberts and Merriman 1985; Robinson and Bevins 1986; Pesquera and Velasco 1988; Fortey 1989; Roberts et al. 1990) . Where the technique has been used for regional studies, it is clear that a variety of micas contribute to the XRD measurement, including illite, ammonium-illite, "sericite", phengite, muscovite and paragonite; hence the term 'white mica crystallinity' (Merriman and Roberts 1985) is more appropriate than 'illite crystallinity' for regional surveys of grade.
Despite the usefulness of the technique in characterising low-grade metapelitic terrains, the underlying causes of measured variation in 10 ~ peak-width are poorly understood. The term crystallinity is not defined and implies, variously, differing degrees of ordering or lattice strain or heterogeneity in structure and/or chemistry between or within 2:1 sheets, or variation in crystallite size. Several geological and mineralogical variables also affect 10 ~ peak-width and have been enumerated by Frey (1987); standardization of measuring and machine conditions has been dealt with by Kisch (1983 Kisch ( , 1989b ; and the effects of sample preparation techniques by Kisch and Frey (1987) .
Crystallographically, two factors, crystallite size and lattice strain or disorder, largely determine the profile of a diffraction peak from a polycrystalline, homogeneous phase (Klug and Alexander 1974) . Peak broadening (/3) caused by small crystallite size is approximated by the Scherrer equation:
where K is a constant (0.9), 2 is the radiation wavelength (1.5418 ~ for CuKel), d is the interplanar spacing for a given diffraction peak (9.98 ~ for the Kubler index), 0 is the Bragg diffraction angle (in radians) and N is the effective size of a population of crystallites (ie the coherent X-ray scattering domains). In terms of the Kubler index, N(ool ) is the effective number of 10 ~ units. Several authors have invoked the Scherrer relation-ship to explain measured variation in the 10 ~ peakprofile (Weber et al. 1976; Arkai and T6th 1983; Kubler 1984; Merriman and Roberts 1985) , but only Kreutzberger and Peacor (1988) have recorded crystallite thickness using direct TEM observations. Lattice strain is a term widely used in crystallographic and metallurgical literature to describe non-periodic features of crystal structure. Such features are commonly defined by their dimensionality as point-defects (vacancies), linear defects (dislocations) and planar defects (stacking faults, Wadsley defects, twin planes) (Veblen 1985) . Although the term strain implies a response to stress acting on an originally strain-free lattice, many defects arise during crystal growth, polymorphic transformations and replacive chemical reactions. Non-periodic structures of the type commonly found in random mixed-layer phyllosilicates show one dimensional disorder parallel to c*. Such disorder does not necessarily impose a strain (sensu stricto) on the lattice but does affect the profile of the (001) diffraction peaks.
Probably the most important lattice disorder affecting the illite (001) 10 A peak-profile is expandability or swelling parallel to c* (Eberl and Velde 1989). Expandability results from hydrated smectite interlayers within illite crystallites and, according to Srodofi et al. (1990) , also from hydrated basal surfaces at tops and bottoms of crystallites. In a detailed study of sericite from the Silverton caldera (Colorado), Eberl et al. (1987) found that the Kubler index can be correlated with expandability and is a function of crystallite size. In a subsequent study of the same samples Eberl and Srodofi (1988) used the Warren-Averbach method to measure particle thickness and distribution and concluded that progressive hydrothermal recrystallisation by Ostwald ripening had affected the sericite. Srodofi et al. (1990) used high-resolution transmission electron microscopy (HRTEM) and XRD to measure expandability in a bentonite and obtained good correlation between the techniques, particularly when the top and base of mixed-layer crystallites were not counted as smectite. An illite-crystallite size and lattice-disorder measurement proposed by Eberl and Velde (1989) , combines XRD measurements of Kubler index and expandability, and is particularly useful for diagenetic grade mudstones.
In a TEM study of a continuous transitional sequence from mudstone to slate, Lee et al. (1984 Lee et al. ( , 1986 noted that illite crystallite thickness increases as slaty cleavage develops. The study described here uses HRTEM lattice-fringe images to quantify changes in the population of sub-micron white mica crystallites of three metapelites in response to prograde regional metamorphism and cleavage development.
Geology and sample descriptions
The three samples studied represent a range in metamorphic grade from uncleaved, diagenetic (~ zeolite facies) mudstones, through anchizonal slates (prehnite-pumpellyite/prehnite-actinolite facies), with a spaced cleavage, to epizonal (lower greenschist facies), penetratively cleaved slates. All three were essentially of the same origi- (Table 1) , which is characteristic of the Llanvirn Series (Ordovician) in the northern sector of the Lower Palaeozoic Welsh marginal basin (Fig. 1) . The geology of the area has been summarized by Roberts (1979), and Howells et al. (in press) , and the regional metamorphism is detailed by Roberts (1981) and Roberts and Merriman (1985) . A brief summary of the regional metamorphism is included here. Lowest grade diagenetic pelites (Metapelite stage I, Fig. 1 ) are uncleaved or possess a spaced irregular fracture-cleavage with Kubler indices >0.43A~ <2 gm fractions are dominated by K-and Na-micas which lack diagnostic polytypic XRD reflections and were therefore assumed by Merriman and Roberts (1985) , to be the 1 Md polytype. Anchizonal grade (stage II) metapelites are characterised by Kubler indices in the range 0.26-0.43A~ and variable development of cleavage; the 2M1 mica polytype is common in well-cleaved anchizonal metapelites, and both Na-and K-mica occur, commonly interstratified. Highest grade epizonal metapelites (stage III) are strongly cleaved slates with Kubler indices <0.26A~ the 2M1 mica polytype occurs widely both as Kmica (muscovite and phengite) and paragonite. The regional metamorphism occurred at a relatively high field gradient, possibly as high as 50 ~ C Km ~ (Bevins and Merriman 1988) and culminated during Acadian (early Devonian) deformation and cleavage development.
Sample BRM 202 is an uncleaved diagenetic mudstone collected from a sequence of interbedded mudstones and shales 2 Km SE of Caernarfon Castle (Fig. 1; Table 1 ). The mudstone beds,
